Cells deficient in repairing DNA double-strand breaks have an increased level of spontaneous chromosomal aberrations. Modulating the level of molecular oxygen and its reactive metabolites demonstrates that oxygen metabolism is a major source of genomic instability.
The present data show oxidative damage is a major source of the genomic instability in end-joining-deficient cells, and thus of endogenous DNA doublestrand breaks. So is this the case? Oxygen chemistry and its biological effects are complex (for reviews see [7] ), but the villain of the piece is the hydroxyl radical (Figure 2) , which can give rise to modified bases, base loss and single-strand breaks in DNA. Superoxide dismutase (or to be exact, Cu/Zn superoxide dismutase, encoded by the SOD1 gene) acts as an antioxidant, reducing the superoxide anion radical. But, in terms of DNA damage, the latter is relatively innocuous, and overexpression of superoxide dismutase, rather perversely, increases levels of the much more reactive hydroxyl radical. Superoxide dismutase has been shown to exacerbate radiosensitivity when expressed from a transgene in the Atm-deficient mouse, a model of the human disease ataxia telangiectasia where oxidative stress may cause some clinical symptoms [8] .
In the present work, Lieber and colleagues show that expression of the SOD1 transgene increases chromosome instability in their fibroblast cell cultures and this effect can be modulated by oxygen tension. However, expression of the transgene does not significantly stimulate chromosome aberrations in Ku86-deficient cells. At first glance, this might appear to indicate that damage induced by hydroxyl radicals does not require functional end-joining for its repair, i.e. does not produce double-strand breaks. Indeed the received wisdom is that the latter arise as staggered single-strand interruptions or via simultaneous repair of clustered lesions on both DNA strands -a so-called 'multiply damaged site' [9] . This is more likely to occur with ionizing radiation where there is a 'track' of energy giving rise to a chain reaction of both direct and indirect (via the aqueous milieu) assaults on the DNA; hence the radiosensitivity of end-joiningdeficient cells. In contrast, endogenous oxidative damage would occur randomly along DNA -as shown to be the case here but as single-strand not double-strand breaks. It seems plausible that increased damage in Ku86 -/-SOD1 fibroblasts is obscured by the operation of checkpoints, leading to a greater proportion of arrested cells, not scored in the assay. But whether oxygen metabolism generates DNA double-strand breaks directly, or these arise in repair-deficient cells secondarily to oxidative insult, clearly merits further investigation.
Another intriguing facet of this work is the observed increase in neuronal apoptosis in Ku86-deficient mouse embryos expressing the SOD1 transgene. Neuronal apoptosis due to deficient end joining was first observed in DNA ligase IV null and XRCC4 null mice, which die mid-term in utero [10, 11] . Neuronal cells are exquisitely sensitive to DNA damage; blocking the apoptotic pathway, by ablation of the Atm or p53 genes, allowed viable mice to be born, ostensibly free of gross neural defects [12, 13] . A qualitatively similar but less severe neural phenotype was later reported in Ku-deficient embryos [14] . The link between increased chromosomal breaks in cultured cells and exacerbated neuronal apoptosis in Ku86 -/-SOD1 mice is at best a correlation but provides the first clues that the source of DNA damage, at least in Ku-deficient embryos, might be the high oxygen metabolism in the brain.
This being so, it should be possible to conduct reciprocal experiments to see if neuronal apoptosis is ameliorated by intervention with antioxidants in the diet or in utero [1, 15] . However, apoptosis occurs at a discrete stage of development [10, 11] , as rapidly dividing neural cells exit mitosis and start to differentiate and migrate; it is unclear how this would fit with the very generalised oxidative stress modelled by the SOD1 transgene. Are newly differentiated neurons particularly sensitive because homologous recombination is compromised in non-dividing cells? These dilemmas would pertain equally to both Ku86 deficiency and DNA ligase IV/XRCC4 deficiency. But more perplexing are the striking differences between DNA ligase IV/XRCC4 null and Ku null mice. The latter do not die in utero but develop to adulthood, while additional loss of Atm, which rescues the embryonic lethality of DNA ligase IV/XRCC4 null alleles, actually causes embryonic death, and much earlier, in Ku-deficient or DNA-PKcs-deficient mice [16] . Clearly DNA-PK has another role(s), which overlaps with a function of the pleiotropic Atm protein in early mouse development; this could relate to telomere function [17] .
So why is the neural phenotype more severe in DNA ligase IV/XRCC4-deficient mice, when the incidence of endogenous oxidative damage should be the same as in the Ku null mouse? Does end-binding/activation of Ku/DNA-PKcs block an alternative repair pathway [18] ? What is the contribution of a DNA ligase IV-independent end joining activity [19] ? These putative relationships are shown schematically in Figure 3 . Whether these data can be extrapolated to DNA ligase IV/XRCC4 null mice remains to be seen. The emerging human syndrome resulting from DNA ligase IV mutations is equivocal about the link between the end joining defect and chromosomal instability/cancer predisposition [20] , while an experimentally tractable chicken B-cell line has not always proved a good 
